Density-functional calculations of lattice dynamics and high-resolution synchrotron powder diffraction uncover antiferroelectric distortion in the kagome francisite Cu3Bi(SeO3)2O2Cl below 115 K. Its Br-containing analogue is stable in the room-temperature crystal structure down to at least 10 K, although the Br compound is on the verge of a similar antiferroelectric instability and reveals local displacements of Cu and Br atoms. The I-containing compound is stable in its roomtemperature structure according to density-functional calculations. We show that the distortion involves cooperative displacements of Cu and Cl atoms, and originates from the optimization of interatomic distances for weakly bonded halogen atoms. The distortion introduces a tangible deformation of the kagome spin lattice and may be responsible for the reduced net magnetization of the Cl compound compared to the Br one. The polar structure of Cu3Bi(SeO3)2O2Cl is only slightly higher in energy than the non-polar antiferroelectric structure, but no convincing evidence of its formation could be obtained.
I. INTRODUCTION
Novel magnetic materials with frustrated geometries attract attention of both theoretical and experimental communities [1] .
Kagome geometry of cornersharing spin triangles hosts a number of interesting properties. Competing nearest-neighbor antiferromagnetic (AFM) exchange interactions lead to an infinitely degenerate classical ground state that gives way to a quantum spin liquid when quantum fluctuations are included [2, 3] . Spin-liquid ground state was experimentally observed in several spin- 
Cu
2+ minerals, including herbertsmithite [4] [5] [6] and kapellasite [7] . A kagomelike geometry is also found in the mineral francisite Cu 3 Bi(SeO 3 ) 2 O 2 Cl, but its magnetic behavior is remarkably different.
Crystal structure of Cu 3 Bi(SeO 3 ) 2 O 2 X (X = Cl, Br, I) can be represented as a set of layers stacked along the c direction. Each layer consists of CuO 4 plaquettes and SeO 3 trigonal pyramids. Spin- 
2+ ions form a distorted kagome lattice with two non-equivalent nearestneighbor exchange bonds, both ferromagnetic (FM) [8] . These layers are connected by Bi-O bonds, resulting in a net-like structure with halogen atoms residing inside hexagonal tunnels (Fig. 1 ). According to Millet et al. [9] , the room-temperature crystal structure features orthorhombic P mmn symmetry with lattice parameters listed in Table I .
Both Cl compound (natural francisite) and its Brcontaining synthetic analogue are magnetically ordered below T N ≃ 24 K [9] . Neutron diffraction studies on single crystals of the Br compound reported T N ≃ 27 K and * altsirlin@gmail.com
FIG. 1. (Color online) Left panel:
Single kagome-like layer in the Cu3Bi(SeO3)2O2Cl structure. Bi atoms are omitted for clarity. Right panel: atomic displacements in the adjacent layers upon the structural distortion. The red and black arrows are the displacements associated with the Γ-and Zphonons, respectively. The purple arrows are the displacements that take place for both Γ-and Z-phonons.
revealed canted spin configuration in the ab plane [10] . Net moments of individual layers are canceled macroscopically because of the AFM interlayer coupling. External magnetic field overcomes this coupling and triggers a metamagnetic transition for the field applied along the c direction [10] . The Cl compound reveals a very similar behavior, albeit with a smaller magnetization above the metamagnetic transition: 0.83 µ B /Cu for X = Br [10] vs. 0.65 µ B /Cu for X = Cl [11] .
While a few theoretical studies of this interesting magnetic behavior were reported recently [8, 12] , and a peculiar field-dependent microwave absorption over several decades in frequency was observed experimentally [13, 14] , one crucial aspect of kagome francisites re- mains unresolved. Millet et al. [9] speculated on the presence of a structural phase transition around 100 − 150 K for both Cl and Br compounds, and Miller et al. [11] indeed observed additional vibration frequencies below 115 K in the Cl compound, but they were unable to detect any clear signatures of this putative transition in a diffraction experiment. Very recently, Gnezdilov et al. [15] claimed that only the Cl compound undergoes a low-temperature structural phase transition, and speculated that the low-temperature phase is polar and even ferroelectric.
In the following, we report a combined computational and experimental study that sheds light on the heavily speculated nature of the structural distortion in kagome francisites. We uncover the distortion in the Cl compound below 110 K, elucidate its origin, and establish the non-polar, antiferroelectric nature of the lowtemperature structure at odds with all earlier proposals [11, 15] . We show that the Br compound is on the verge of a similar transformation. We also derive the magnetic model for the distorted low-temperature crystal structure and elucidate the differences in the magnetic response of the Cl and Br compounds.
II. METHODS
Density-functional (DFT) calculations were performed in the VASP pseudo-potential code utilizing the projectoraugmented wave (PAW) method [16] . Perdew-BurkeErnzerhof flavor of the exchange-correlation potential [17] corresponding to the generalized gradient approximation (GGA) was used. We performed GGA+U calculations with the on-site Coulomb repulsion U d = 9.5 eV and Hund's coupling J d = 1.0 eV in order to account for strong electronic correlations in the Cu 3d shell. These parameters are chosen in a semi-empirical manner as providing best agreement with the experimental exchange couplings in previous DFT calculations for francisites [8] and for other Cu 2+ oxide materials [18, 19] . The supercell doubled along the c-axis and containing 60 atoms was used to account for AFM inter-layer interactions. All atomic positions were fully relaxed with the 1 meV/Å convergence criteria for forces and 0.1 meV for total energy. For electronic structure calculations we used the 500 eV plane-wave energy cut-off and 2 × 2 × 2 k-mesh centered at the Γ point. To check for possible convergence errors, we performed electronic and phonon calculations with the increased 6 × 4 × 3 k-mesh and ensured that the calculated energies, exchange couplings and frequencies did not change.
Phonon calculations were performed by means of the PHONOPY [20] code using frozen-phonon method to describe elements of the force-constant matrix. Atomic displacements of 0.01Å were used to induce non-zero forces in the 2 × 1 × 2 supercell containing 120 atoms.
To find atomic configurations with the lowest energy, we fully relax the parent structure and calculate phonon spectrum. If the spectrum demonstrates imaginary frequencies, we search for a lower-energy configuration using the corresponding displacement eigenvector. After atoms of the parent structure are displaced and fully relaxed to their new equilibrium positions, we compare energies of the parent and final structural configurations. If the new structure has lower energy, we apply this methodology again for the new structure, and repeat this process until a stable configuration without imaginary phonon frequencies is found.
Powder samples of Cu 3 Bi(SeO 3 ) 2 O 2 X (X = Cl, Br) for the experimental studies were obtained by grinding crystals prepared following the procedure described in Ref. 10 . High-resolution diffraction data were collected at the ID22 beamline of the European Synchrotron Radiation Facility using the wavelength of 0.41Å. Powders were placed into thin-wall borosilicate capillaries and spun during the experiment. The signal was measured by 9 Si(111) analyzer detectors. All measurements were performed in a He-flow cryostat. Jana2006 program [21] was used for structure refinement.
Magnetic susceptibility of Cu 3 Bi(SeO 3 ) 2 O 2 X was measured on powders placed into plastic capsules. The measurements were performed using the MPMS 3 SQUID magnetometer from Quantum Design.
III. RESULTS

A. Structural instabilities
To check for possible structural instabilities, we calculated phonon spectra of the parent P mmn structure with X = Cl, Br, and I. This structure was found to be unstable for both X = Cl and Br, but not for I (Fig. 2) . We found unstable phonon modes throughout the whole Brillouin zone in the case of the Cl compound and imaginary modes at the Γ(0, 0, 0), Z(0, 0, 2 ) points in the case of Br. First, we follow the lowest-lying phonon mode at the Γ point and include atomic displacements in our original structure accordingly. Owing to the displacements, the symmetry of the structure changes to P2 1 mn (No. 31), and the inversion center is lost. After the relaxation of the Γ-distorted structure we arrive at the new P2 1 mn structure, which is polar. The main difference between the original and relaxed atomic configurations pertains to the positions of the Cl/Br atoms. They move from , z + δ) position with ∆ = 0.49Å and δ = 0.09Å for the Cl structure and ∆ = 0.14Å and δ = 0.01Å for the Br structure (see Fig. 1 ). There are also changes in the positions of Cu and O atoms. The energy difference between the original Pmmn and relaxed P2 1 mn structures is about 57 meV/f.u. for Cl and 2 meV/f.u. for Br. The P2 1 mn structure is thus energetically favorable in both cases.
A similar analysis for the Z-distorted structure results in the centrosymmetric and thus non-polar Pcmn space group (No. 62). This distortion results in the doubling of the unit cell along the c-axis, because the Cl/Br atoms in the adjacent layers move in opposite directions ( Fig. 1,  right) . After relaxing the distorted structure, we can see that, once again, the Cl/Br atoms reveal the largest displacement amplitude. In comparison to the P2 1 mn structure, the Pcmn one features ∆ = 0.42Å and δ = 0.05Å for Cl, and ∆ = 0.17Å and δ = 0.01Å for Br. Energy difference between the Pmmn and Pcmn structures favors the latter by 60 meV/f.u. and 3 meV/f.u. for the Cl and Br compounds, accordingly.
Our phonon analysis reveals that the Pcmn structure is lowest in energy for both Cl and Br compounds. The Pcmn structure is lower in energy than the P2 1 mn structure by 3 meV/f.u. for Cl and by 1 meV/f.u. for Br [22] .
Analysis of interatomic distances in the relaxed structures suggests that the local environment of Bi, Se, and Cu1 is nearly unchanged upon the distortion. The main changes are related to the mutual positions of the Cu2 and halogen atoms. In the parent P mmn structure, the halogens are weakly bonded to Cu2 with the Cu2-X distances of 3.205Å for X = Cl and 3.215Å for X = Br [9] . These distances are determined by the size of the six-fold cavity, which is centered by the halogen atom. Both P 2 1 mn and P cmn distorted structures feature the X atoms displaced toward Cu2 in such a way that one Cu2-X distance is shortened to 2.59Å and 2.93Å, while the other distance increases to 3.83Å and 3.51Å for X = Cl and Br, respectively. These shortened Cu2-X distances are clearly correlated with the ionic radius, which is smaller for Cl − (1.81Å) and larger for Br − (1.96Å) [23] . The absence of the distortion in the X = I compound can be naturally explained by the even larger ionic radius of I − (2.20Å). 
B. Γ-point phonons
To facilitate a comparison between our distorted structures and the experimental vibration frequencies [11, 15] , we calculated Γ-point phonons. Group-theory analysis suggests the following distribution of optical modes for different crystal symmetries relevant to francisites:
where superscripts (IR) and (R) denote infrared-active and Raman-active modes, respectively. All of the above modes distributions were obtained using the SMODES [24] program.
We discuss Raman modes first. All Raman modes observed at room temperature can be ascribed to the P mmn structure (Table II) . Below 120 K, 21 additional modes were observed and assigned to the loss of inversion symmetry [15] , because most of these modes also appeared in the infrared spectra [11] . We show, however, that the majority of these modes can be well understood in both non-centrosymmetric P 2 1 mn and centrosymmetric P cmn structures. The P cmn symmetry is in fact even more favorable, because it produces lowenergy Raman modes around 30 cm −1 , which are missing in P 2 1 mn. We do not find any mode of the A g symmetry around 57.8 cm −1 , but the very identification of this mode is somewhat uncertain, because it nearly overlaps with the B 1g mode at 55.6 cm −1 . Moreover, a Ramanactive B 3g mode is expected at 60.1 cm −1 in P cmn, and, according to Ref. 15 , the B 2g and B 3g modes may be present in the experimental spectra because of the wide aperture of the collecting spectrometer optics.
The assignment of the infrared modes (Table III) is generally similar. Most of the modes observed at room temperature are expected in the P mmn structure, while most of the modes appearing below 115 K could belong to either P 2 1 mn or P cmn symmetries. There are, however, a few experimental modes that could not be correlated with the computed phonons for any of the space groups that we considered. The origin of these modes requires further investigation. They might indicate a more complex structural distortion, but this scenario is excluded by our XRD data (see Sec. III C). It is worth noting that the infrared modes are obtained by fitting relatively broad peaks in the experimental reflectance spectra [11] and, therefore, their frequencies are less certain than the frequencies of the Raman modes, where all but one vibrations could be identified uniquely (Table II) .
We conclude that additional vibration modes observed in the X = Cl compound below 115 K indicate deviations from the room-temperature P mmn symmetry, but the type of the distortion can not be determined unambiguously. Both P 2 1 mn and P cmn structures are generally consistent with the experimental lattice vibrations, so either of these structures or even their combination could be formed upon the 115 K transition. In the following, we probe the low-temperature crystal structure of the X = Cl compound directly and demonstrate its predominantly non-polar, antiferroelectric nature in agreement with our DFT results presented in Sec. III A.
C. Low-temperature crystal structure and magnetic behavior
Low-temperature synchrotron XRD data were collected for both Cl and Br-containing compounds, where structural distortions were expected from DFT. The Cl compound will be discussed first. All peaks on its 200 K pattern could be indexed assuming the unit cell of the undistorted P mmn structure. Below 100 K, several weak reflections incompatible with this structure appeared (Fig. 3) . They could be indexed in the unit cell with the doubled c-parameter in agreement with our expectations. Indeed, the low-temperature crystal structure of Cu 3 Bi(SeO 3 ) 2 O 2 Cl was successfully refined in the space group P cmn revealing the anticipated displacements of Cl atoms to the ( 3.205Å in the undistorted structure to 2.782(6)Å in the distorted structure (Fig. 1) .
Our calculations suggest that the non-polar P cmn and polar P 2 1 mn structures have similar energies. The simultaneous formation of these two structures will produce a disordered atomic arrangement with the doubled c parameter and the Cl/Cu2 atoms occupying both ( Table IV) . To explore this possibility, we introduced Cl and Cu2 atoms into the ( , z i ) positions was set to f + . The f + and f − parameters are thus equivalent to phase fractions of the P cmn and P 2 1 mn structures. Structure refinement under the constraint f + + f − = 1 resulted in f + = 0.90(2) and f − = 0.10(2) at 10 K indicating that Cu 3 Bi(SeO 3 ) 2 O 2 Cl is predominantly in the non-polar P cmn structure, while the non-zero value of f − is due to trace amounts of the polar P 2 1 mn structure or due to residual disorder of the Cl position in the P cmn structure.
Temperature dependence of f + (Fig. 4, top) supports the residual disorder scenario. If both P cmn and P 2 1 mn phases were formed below 115 K, one would expect an abrupt change of f + from 0.50 (complete disorder) to its low-temperature value f + = 0.90 (2) . Instead, we observe a gradual increase in f + suggesting the slow formation of the P cmn order upon cooling. The temperature evolution of f + is reminiscent of a second-order phase transi- tion. Likewise, weak displacements of Bi atoms (Fig. 4 ) set in below 115 K and saturate at low temperatures, as expected for a second-order phase transition. On the other hand, no clear transition anomaly can be seen in the positions of the strongly displaced Cu2 and Cl atoms. The displacement of the Cl atoms (∆ Cl ) is slowly decreasing upon heating, but above 130 K this effect is balanced by the enhanced displacement of Cu2. Therefore, the Cu2-Cl distance increases from 2.78Å at 10 K to about 2.88Å at 120 K and stays constant upon further heating (Fig. 4, bottom) .
All these observations suggest that the displacements of Cl and Cu2 (Fig. 1) are present in both lowtemperature and high-temperature crystal structures of Cu 3 Bi(SeO 3 ) 2 O 2 Cl. The shortening of the Cu2-Cl distance is energetically highly favorable and results in the energy gain of about 60 meV/f.u. (see Sec. III A) that exceeds the energy of thermal fluctuations within the temperature range of our study. Therefore, the shortened Cu2-Cl distances are formed already at high temperatures. In fact, we could even make a better structure refinement at 200 K using the disordered P cmn model instead of the original P mmn model [26] . Such a behavior is very common for order-disorder transitions, where local distortions typically persist above the transition temperature [27, 28] . The structural phase transition in Cu 3 Bi(SeO 3 ) 2 O 2 Cl manifests itself by anomalies in thermal expansion (Fig. 5) . The most prominent effect is seen for the a parameter that decreases upon heating to 110 K and increases upon further heating. On the other hand, there is only weak effect in the temperature evolution of the unit cell volume. No abrupt change of the cell volume is observed around 110 K, indicating the second-order nature and, thus, order-disorder type of the transition. The The behavior of the X = Br compound is remarkably different. Its thermal expansion is featureless (Fig. 5) with the exception of a small dip in the temperature dependence of the a parameter around 50 K. No superstructure reflections were observed down to 10 K (Fig. 3, bottom) . The crystal structure could be fully refined in the P mmn space group. However, the splitting of the Cu2 and Br positions revealed non-negligible displacements of these atoms (Table V) resulting in the Cu2-Br distance of 3.02(1)Å at 10 K, which is much shorter than 3.21Å in the ideal structure. In contrast to the X = Cl compound, this shortened Cu2-Br distance is temperatureindependent within the sensitivity of our measurement (Fig. 4, bottom) . We conclude that the Br compound does not undergo the low-temperature structural transition, but it features local atomic displacements in agreement with the DFT predictions discussed in Sec. III A.
To further pinpoint the structural phase transition, we performed magnetic susceptibility measurements in both dc and ac regimes. According to Ref. 9, real part of the ac susceptibility (χ ′ ) of the Cl compound shows a kink around 120-130 K that was allegedly interpreted as a signature of a structural phase transition. Our data are different and reveal smooth evolution of χ ′ (T ) across the transition temperature (Fig. 6) . A peculiarity in the inverse dc susceptibility 1/χ(T ) around 150 K [9, 11] (2) 1.20 (7) a Occupancy factor f i = 1 2
. also reported and tentatively ascribed to a structural effect. We observed only a weak and very smooth bending of 1/χ(T ), which is most likely indicative of the gradual onset of spin-spin correlations. The bending in our data is much weaker than in the data reported previously [9, 11] . The data in the temperature range between 150 K and 300 K follow the Curie-Weiss law χ = C/(T + θ) with C = 1.559 emu K/mol and θ = −43 K. The resulting effective moment of µ eff = 2.03 µ B /Cu corresponds to a spin-1 2 ion with an isotropic g-value of g = 2.34.
D. Magnetic model
In the following, we propose microscopic magnetic model for the experimental low-temperature crystal structure of Cu 3 Bi(SeO 3 ) 2 O 2 Cl [29] . To this end, we calculate individual exchange couplings from total energies of collinear and non-collinear spin configurations using the method proposed by Xiang et al. [30] . The resulting exchange couplings J i are listed in Table VI . We have also calculated a-components of Dzyaloshinsky-Moriya (DM) vectors on the bonds J components are responsible for stabilizing canted order in the undistorted (P mmn) francisite structure [8] .
Although the unit cell of the low-temperature phase is doubled along the c direction, two layers within one unit cell are related by the glide-plane symmetry and feature same exchange couplings. On the other hand, some of the exchange paths in the ab plane become non-equivalent, and the number of independent exchange parameters increases from three in the room-temperature P mmn phase (J 1 , J ′ 1 , and J 2 ) to five in the low-temperature P cmn phase. Namely, J 1 splits into J ′ 11 and J ′ 12 , whereas J 2 splits into J 21 and J 22 (Fig. 7, top) . All couplings along the a direction remain equivalent (J 1 ).
Exchange couplings in Table VI follow peculiarities of the low-temperature P cmn structure. The coupling J 
Cu-O-O-Cu superexchange pathway is less curved (the Cu-O-O angle is closer to 180
• expected for the linear pathway). These exchange couplings can be compared to the experimental Curie-Weiss temperature θ by adding interactions at each Cu site and averaging over the Cu1 and Cu2 sites:
where z i is the number interactions of type i per Cu site. We find θ = −42 K in excellent agreement with the experimental value of θ ≃ −43 K. We will now analyze the magnetic ground state expected on this distorted kagome lattice. We restrict ourselves to planar spin configurations, because the large a-component of DM interactions on the bonds J and J ′ 12 in the P cmn structure), d 1a ≃ 12 K [8] , puts spins in the bc plane. An arbitrary magnetic ground state is then described by five angles ϕ 1 − ϕ 5 defining relative spin directions within one repetition unit of the spin lattice (Fig. 7, top) and by two additional parameters k x and k y standing for the periodicity of the magnetic structure along the a and b directions, respectively. The ground-state spin configuration is obtained by minimizing the classical energy for the five exchange couplings listed in Table VI and by including d 11a and d 12a , the a-components of the DM couplings on the bonds J By minimizing the classical energy of the spin Hamiltonian, we arrive at ϕ 1 = ϕ 3 = −ϕ 2 = −ϕ 4 , k x = k y = ϕ 5 = 0, corresponding to the same canted phase as in the room-temperature P mmn structure (Fig. 7, bottom) .
The stability of this result was verified by varying d 11a and d 12a . The formation of the proposed canted phase is rooted in the symmetry of the DM vectors having opposite signs on different lattice bonds (Fig. 7, top) . The absolute values of d 11a and d 12a has only marginal effect on the size of the canting angle and do not change the result qualitatively.
Using d 11a = 19 K and d 12a = 13 K, we arrive at the canting angle of θ = 63.6
• in Cu 3 Bi(SeO 3 ) 2 O 2 Cl for our model. While this angle has not been measured directly, it can be estimated from the magnetization above the metamagnetic transition when external field is applied along the c direction. Using the experimental value of M r = 0.65 µ B /Cu [11] , we find θ = 67
• in reasonable agreement with our DFT result. Importantly, the structural distortion in the Cl compound is responsible for the reduction in M r and, consequently, for the increase in θ compared to the Br compound, where M r = 0.83 µ B /Cu and θ ≃ 51.6
• have been reported [10] . The change of the canting angle can be traced back to the disparity of J 
IV. DISCUSSION AND SUMMARY
Our results shed light on the interesting and so far poorly understood aspect of kagome francisites, their low-temperature structural distortion that was actively speculated in the earlier literature but never probed in a direct experiment. Using DFT calculations of lattice dynamics, we demonstrate structural instability of francisites with smaller halogen atoms and confirm this instability for the Cl compound by high-resolution XRD. The main effect of the distortion is the collective displacement of Cl and Cu2 resulting in the shortening of the Cu2-Cl distance from 3.21Å in the undistorted P mmn structure to 2.78Å in the distorted P cmn structure. It is thus natural that the tangible distortion effect could be observed in the Cl compound, no distortion was envisaged for the I compound, whereas the Br compound is midway between the two. It features local displacements of the Br and Cu2 atoms, but lacks a distinct low-temperature phase where these displacements would be ordered.
The distortion is rooted in the size of the halogen atom. While Cl is too small for its position in the ideal francisite structure, iodine is big enough to be stable there. It is worth noting that the Cu2 and Cl atoms develop similar displacements and, thus, similar Cu2-Cl distances in both low-temperature and high-temperature crystal structures. In fact, we find that the crystal structure above 115 K is better described by the disordered P cmn model than by the high-symmetry P mmn model considered in the previous literature [9] . This situation is not uncommon for ferroelectrics and antiferroelectrics, where electric dipoles survive well above the transition temperature T c , and the (anti)ferroelectric transition involves long-range ordering of these dipole species that have been pre-formed at a temperature much higher than T c .
The shortened Cu2-Cl distances of 2.78Å are well in line with crystal structures of other Cu 2+ minerals containing halogen atoms. For example, haydeeite Cu 3 Mg(OH) 6 Cl 2 features Cu-Cl distances of 2.76Å [31] , and in herbertsmithite Cu 3 Zn(OH) 6 Cl 2 the Cu-Cl distance is 2.77Å [32] . In francisite, this distance is underestimated by DFT that predicts the value of 2.59Å, 0.19Å shorter than in the experiment. A similar underestimate can be seen for the Br compound, where DFT predicts the Cu2-Br distance of 2.93Å, while experimentally the displacements of Cu2 and Br produce the shortest Cu2-Br distance of about 3.0Å. The Br compound does not show any long-range ordering of the Cu2-Br dipoles and thus lacks any structural transformation down to 10 K. We ascribe this effect to the very small energy differences between the distorted P cmn/P 2 1 mn structures and the ideal P mmn structure. They differ in energy by not more than 3 meV/f.u. Effects like quantum fluctuations, which are important for delicate energy balance in ferroelectrics and antiferroelectrics [33, 34] , may eventually suppress the distortion and stabilize the averaged P mmn structure.
Our results are in agreement with the recent report [15] that proposed the structural phase transition around 120 K for the Cl compound and lack thereof for the Br compound. By analyzing the infrared and Raman frequencies, the authors of Ref. 15 speculated that the lowtemperature phase of Cu 3 Bi(SeO 3 ) 2 O 2 Cl is ferroelectric (P 2 1 mn symmetry), but our results refute their conjecture. The observation of the superstructure reflections indicates the doubling of the unit cell, while the structure refinement of the 10 K data suggests that the sample is predominantly in the non-polar P cmn phase. In fact, both infrared and Raman frequencies can be interpreted in the framework of the non-polar P cmn structure without invoking the polar phase. The anomaly of dielectric permittivity [15] is reminiscent of an antiferroelectric transition, and no evidence of ferroelectric polarization below 120 K has been reported.
We conclude that Cu 3 Bi(SeO 3 ) 2 O 2 Cl features the nonpolar P cmn symmetry at low temperatures, whereas the Br and, presumably, the I compounds retain the P mmn symmetry of the average crystal structure down to low temperatures. Therefore, kagome francisites are either paraelectric or antiferroelectric, although the polar and potentially ferroelectric P 2 1 mn phase of the Cl compound is close in energy, only 3 meV/f.u. away from the lowest-energy antiferroelectric structure. This situation is remarkably similar to the magnetism of these materials, where large net magnetization produced by the canted magnetic order in the ab plane is suppressed by the antiferromagnetic interlayer coupling. Magnetic field of less than 1 T applied along the c direction renders francisites ferrimagnetic [10, 11] . A similar strategy might be pursued for dielectric properties, and further investigation of this aspect is highly desirable.
